ABSTRACT. Objective: Previous research has established a connection between early age at drinking initiation and greater alcohol involvement in adulthood, but it has not yet been established whether this is a causal effect. The current study used a multilevel discordant twin design to examine individual and contextual effects, and an interaction between these effects, of the age at drinking initiation on the frequency and quantity of drinking in adulthood. Method: Participants were 4,194 same-sex twins (2,264 monozygotic, 1,924 dizygotic; 2,270 women; M age = 29.9 years) from the Australian Twin Registry who completed a telephone interview that included assessments of the age at alcohol use initiation and past-year frequency and quantity of alcohol use. Multilevel models were estimated using data from the full sample and using data from only monozygotic twins. Individual (within-twin-pair comparison) and family contextual (between-twin-pair comparison) effects were estimated. Results: The age at fi rst drink was related to the past-year frequency (r = -.16) and quantity of drinking (r = -.12) in young adulthood. Individual (causal) and family context effects of age at drinking onset predicted later adult drinking frequency and quantity. There was also a signifi cant cross-level interaction between individual and family contexts for frequency but not quantity of drinking. Conclusions: Results of this study indicate a potential causal effect of age at drinking onset on adult alcohol involvement as well as the importance of examining both individual and contextual effects in discordant twin studies. (J. Stud. Alcohol Drugs, 74, 703-713, 2013) 
S
TUDIES HAVE DEMONSTRATED A LINK between early age at fi rst drink (e.g., age 14 years or earlier) and later alcohol use disorders (e.g., DeWit et al, 2000; Grant and Dawson, 1997; Guttmannova et al, 2011; Hingson et al., 2006) . However, mechanisms behind this association are not completely clear. Some studies document that this relation may be accounted for, at least in part, by other risk factors such as childhood conduct disorder history (e.g., Sartor et al., 2007) . Associations with these risk factors indicate that early drinking initiation may not be causally related to heavy drinking in adulthood but rather is a manifestation of a vulnerability to disinhibition (McGue et al., 2001) .
A number of studies address the question of whether the association between early onset of drinking and later alcohol use disorder can be explained completely by various sets of correlated risk factors, as this could rule out a causal association. The results of these studies are mixed. For example, King and Chassin (2007) found that after accounting for parental alcoholism and antisocial personality disorder, as well as childhood externalizing behaviors and family confl ict, early alcohol initiation and alcohol dependence in young adulthood were not related. In contrast, Buchmann et al. (2009) documented that there was a relation between age at fi rst drink and later alcohol problems, after accounting for childhood externalizing behavior and parental high-risk drinking. Dawson et al. (2008) documented that the association between early drinking and new onsets of alcohol use disorders persisted even after accounting for sociodemographic characteristics and experience of risk factors through the life span.
One diffi culty with this approach is that the answer may depend on correlated risk factors that were (or were not) included in the model and their measurement quality. Genetically informative research designs examining genetic and environmental contributions to the association between early-onset drinking and later alcohol use can potentially bypass such diffi culties. In a twin design, any latent unmeasured risk factors that are attributable to correlated sets of genetic or shared environmental risk factors can be controlled. Some twin studies found that the relation between early drinking onset and later lifetime alcohol dependence can be primarily attributed to shared genetic risk factors and not to unique environmental infl uences (Agrawal et al., 2009; Prescott and Kendler, 1999; Sartor et al., 2009 ). However, other twin studies report modest individual-specifi c environmental infl uences shared between early drinking and later problematic use (Fowler et al., 2007; Grant et al., 2006) . Taken together, these results suggest that the majority of the association between early age at alcohol use initiation and later alcohol use disorder is attributable to common genetic risk factors, but that this cannot completely explain the relation. A small portion of the relation is likely explained by unique environmental influences, which is consistent with a potential causal infl uence of early drinking on later alcohol use disorder.
Most research on the prognostic signifi cance of early alcohol use initiation focuses on later disordered drinking. However, studies have also established that early alcohol use initiation is related to drinking involvement in adulthood (e.g., Ellickson et al., 2003; Pitkänen et al., 2005; York et al., 2004) . The relation between early drinking initiation and normative adult alcohol involvement has seldom been examined using a genetically informative research design (e.g., Lee et al., 2012) . Focusing on alcohol consumption rather than alcohol use disorder is especially important given that most alcohol-related harms occur among the majority of drinkers who are not suffering from an alcohol use disorder (Kreitman, 1986; Spurling and Vinson, 2005) . When harm to others is also considered, alcohol use is associated with more harms than any other commonly misused substance (Nutt et al., 2010) .
A method particularly well suited for examining the link between age at drinking onset and later alcohol use disorders is the discordant-twin design (e.g., Grant et al., 2006) . This design allows researchers to infer causal relationships by examining whether twins discordant for an "exposure" (e.g., early alcohol use initiation) differ on outcomes (e.g., adult alcohol involvement). Such studies have typically focused on the within-twin-pair relationship, comparing the exposed (Twin 1) with the unexposed (Twin 2), and have neglected the between-twin-pair relationship, comparing both twins from Family A with both twins from Family B. The within-twin-pair comparison "controls" for shared familial infl uences by comparing one twin with his or her co-twin and is often used to help determine causal infl uence between an exposure and an outcome. After being "controlled for," between-twin-pair shared familial influences are often ignored in discordant-twin designs. However, focusing solely on the within-twin-pair effect without accounting for higherlevel comparisons (i.e., between twin pairs) does not allow for tests of whether there is any additional effect of family context. Statistical techniques such as multilevel mixed modeling allow one to model effects at both the individual (within-twin pairs) and the familial/contextual (between-twin pairs) levels (Snijders and Bosker, 1999) .
To our knowledge, there is no research examining potential interactions between individual-level and familial/ contextual-level effects of early alcohol initiation age on adult drinking outcomes. It is well established that genes and environments do not operate in isolation. Underlying genetic predispositions can interact with one's environment (e.g., gene-environment interdependence; Rutter, 2007) , and different environments can interact with each other, as well as underlying genetic predispositions (e.g., ecological systems models; Bronfenbrenner and Ceci, 1994) . To establish a dynamic understanding of the underlying causes of alcohol use, particularly how early-onset drinking relates to later drinking in adulthood, these interactions must be explored. There were two goals of this study. First, we isolated the potential unique environmental contribution of earlyonset drinking to later alcohol involvement in adulthood by examining the relation within twin pairs discordant for their age at drinking initiation. Second, we examined the extent to which this individual-level effect was moderated by the shared familial context of twin pairs. There were three hypotheses. First, we hypothesized that there would be both within-twin and between-twin effects of onset of drinking on the frequency and quantity of alcohol consumption in adulthood, such that earlier drinking onset would be related to heavier drinking in adulthood. Therefore, twins who drink earlier than their co-twins (within-twin effect) and twins who on average drink earlier than other twins (between-twin effect) will report heavier drinking in adulthood. Second, we hypothesized that there would be a cross-level interaction, such that the unique environmental effect of early drinking onset would be moderated by the shared genetic and environmental context. In particular, we hypothesized that the relationship between the unique environmental effect and adult alcohol involvement would be stronger if there was a stronger familial context of early drinking. Third, we hypothesized that there would be an incremental effect of family context, such that the between-twin-pair effect would be signifi cantly greater than the within-twin-pair effect.
Method

Participants
The sample consisted of adult twins drawn from the Australian Twin Registry. The cohort consisted of 4,268 twins born between 1964 and 1971 (Knopik et al., 2004; Lynskey et al., 2003) . Only same-sex monozygotic (MZ) and dizygotic (DZ) twins and only pairs for whom both twins reported on their ages at drinking onset were included in this study. The fi nal sample included 4,194 participants (1,250 MZ female, 1,014 MZ male, 1,020 DZ female, 910 DZ male), with a mean age of 29.9 years (range: 23-39 years).
Procedure
Participants completed a structured psychiatric telephone interview conducted between 1996 and 2000, during which they were administered the Semi-Structured Assessment for the Genetics of Alcoholism-Australian modifi ed version (SSAGA-OZ; Bucholz et al., 1994) . See Knopik et al. (2004) and Lynskey et al. (2003) for further information on interview procedures and participant demographics.
Measures
Age at drinking onset. Age at drinking onset was measured by the question, "How old were you the fi rst time you had more than just a sip of beer, wine, or spirits?" Following from Agrawal et al. (2009) , responses were censored such that individuals reporting ages below fi ve were equated to fi ve. Age at onset was treated as a continuous variable (as opposed to a binary variable as in some previous studies [e.g., Grant et al., 2006; Sartor et al., 2009] ). This was done to better suit a multilevel modeling framework and to capture nuances within discordance. For example, twins may be assigned to the same dichotomized category of early or late onset but still differ considerably in their ages at drinking onset. Retest data were collected from a subsample of 213 participants about 4 years (SD = 0.4, range: 1.1-4.3 years) after the main interview. The test-retest reliability of age at fi rst drink was very good (r = .78, p < .0001). Potential age-related bias was examined by correlating individuals' ages at interview with their reported ages at drinking onset. The correlation of .03 suggested minimal bias.
Frequency of alcohol consumption. The frequency of alcohol consumed in the past year was derived from two questions. First, nonabstainers were asked about their average frequency of drinking during the year they drank the most in their lifetime. They were then asked how old they were when the period began and when it ended. If this period occurred more than 1 year before the interview, participants were asked about their drinking frequency in the past year. Participants who reported that their heaviest period of drinking included the past year were not asked this question. The answers to these questions were combined to yield a measure of past-year drinking frequency. Both questions were measured using a 9-point scale that ranged from every day to less than 3 days per year. The scale was recoded such that the scale midpoint 1 day per week was a score of 1, with every day as a score of 7 and less than 3 days per year as a score of .05 (i.e., 3 ÷ 52, or .06 a week). This was done to facilitate interpretation of the results, such that model estimates represented actual drinking frequencies.
Quantity of alcohol consumption. The typical quantity of alcohol consumed in the past year was measured using the same procedures as for frequency of alcohol consumption.
The answers to two questions were combined to yield a measure of past-year typical drinking quantity. Typical quantity was measured using a 10-point scale ranging from 1-2 drinks to 31 or more drinks. The scale was recoded such that each drink equaled 1 point. Therefore, the response category 1-2 drinks was scored as 1.5, the response category 12-15 drinks was scored as 13.5, and the response category 31 or more drinks was scored as 31. Again, recoding was performed to facilitate interpretation of model estimates as actual quantities of drinking. Skewness of the quantity variable (skewness = 2.78) required log transformation to approximate normality (skewness = 0.78).
Conduct disorder symptoms. Conduct disorder was evaluated using a 15-item symptom count based on diagnostic criteria from the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (American Psychiatric Association, 1994) . The mean number of symptoms was 0.74 (SD = 1.34) for the full sample, 1.20 among men (SD = 1.64), and 0.39 among women (SD = 0.89). Skewness of the variable (skewness = 2.63) required a log transformation to approximate normality (skewness = 1.18). The internal consistency reliability (Cronbach's α) of the symptom count was .63. Four-year test-retest reliability of the conduct disorder symptom count was very good (r =.75, p < .0001). The correlation of -.02 between participant age at interview with reported conduct disorder symptoms suggested minimal bias.
Analytic plan
Two-level models were estimated using SAS version 9.2 (SAS Institute Inc., Cary, NC) PROC GLIMMIX, a statistical procedure used for mixed (or multilevel) models. Multilevel modeling allows for a more informed model that can include both concordant and discordant twins; another benefi t is that one is able to examine interactions between individual and contextual effects. In using mixed models for clustered data (i.e., each twin pair = one cluster), the individual twin (within twin pair/Level 1) is nested within the twin pair (between twin pair/Level 2). Both Level 1 and 2 variances are estimated, along with a random intercept. The interpretation of the Level 1 and 2 parameters depends on the method used to center the Level 1 predictor (Enders and Tofi ghi, 2007) . When the Level 1 predictor is groupmean centered (individual twin drinking onset subtracted by the average onset of the twin pair), the Level 1 and Level 2 predictors represent the direct within-twin-pair (comparison against co-twin) and between-twin-pair (comparison against other twin pairs) effects. When the Level 1 predictor is grand-mean centered (individual twin drinking onset subtracted by a constant), the Level 1 predictor represents the direct within-twin-pair effect (as long as the Level 2 predictor is also in the model). The Level 2 predictor will now represent the incremental between-twin-pair effect (i.e., the additional value of the between-twin-pair effect while controlling for the within-twin-pair effect), allowing for a test of signifi cant differences between the within-and between-twin-pair effects. Therefore, the within-twin-pair effect was group-mean centered for the main models and grand-mean centered only when testing for an incremental between-twin-pair effect.
Hypotheses 1 and 2 were tested with a three-step model for each drinking outcome. One set of models predicted the frequency of drinking and the other predicted the typical quantity of alcohol consumed, both in the past year. Each model fi rst tested the main effects of gender, zygosity, age, and Level 1 (individual drinking onset) and Level 2 (twin average drinking onset) effects. Then, cross-level (Level 1 × Level 2) and quadratic Level 2 interactions were added to test for moderation effects. The quadratic between-twin-pair effect is necessary to ensure that moderation is occurring at both levels, that is, to test if the Level 2 effect is also moderated by the Level 1 effect. Finally, the third step added Level 1 and 2 conduct disorder effects. Level 1 and 2 conduct disorder variables were both used to account for the effect of conduct disorder when examining both levels of age at drinking onset. Thus, Level 1 conduct disorder controlled for Level 1 drinking initiation, and Level 2 conduct disorder controlled for Level 2 drinking initiation.
Potential differences by zygosity and gender were estimated for each predictor by examining interactions with the drinking onset variables (both Level 1 and Level 2). There was one signifi cant interaction between gender and the main effect of within-twin-pair age at fi rst drink for the model predicting quantity. This interaction was included in the fi nal model for quantity. In one set of analyses, MZ and DZ twins were combined to examine overall twin effects. Another set of analyses was restricted to MZ twin data to allow for the most stringent tests of unique environmental causality.
Finally, the third hypothesis was tested by using a grandmean centered Level 1 variable, which was centered at age 16 years (the overall sample mean). Both the grand-mean centered Level 1 variable and the Level 2 variable were entered in a model along with gender, zygosity, and age in order to test if between-twin-pair differences in the age at drinking initiation had an incremental effect on drinking frequency and quantity in adulthood.
Results
Descriptive analyses
The mean past-year frequency of drinking was 1.60 (i.e., on average, individuals drank 2-3 days a week), and the typical quantity of alcohol consumed was 3.27 drinks (i.e., on average, during a typical drinking episode, individuals drank 3-4 drinks) in adulthood. Frequency and quantity of drinking had a modest positive association for men (r = .05, p = .02) and for women (r = .05, p = .01).
The average age at fi rst drink for the sample was 15.74 years (SD = 2.86). Most twin pairs (75%) were discordant for their age at fi rst drink. The average discordance was 1.90 (SD = 2.32) years. The age at drinking onset was negatively associated with both the frequency of drinking (men: r = -.13, p = .01; women: r = -.14, p = .01) and the typical quantity of alcohol consumed (men: r = -.12, p = .01; women: r = .04, p = .02 for). Figures 1 and 2 depict smoothing spline plots that represent the mean frequency and quantity of alcohol consumption in adulthood as a function of the age at drinking initiation (separately for men and women). As seen in Figure 1 , although individuals who initiated drinking at early ages (e.g., before age 14 years) drank more frequently as adults than those who initiated drinking at later ages, there appears to be additional reduction in the frequency of drinking in adulthood with each additional year of the age at fi rst drink. As shown in Figure 2 , there was not as strong a decline in the typical quantity of alcohol consumed as a function of the age at fi rst drink. Conduct disorder was also inversely associated with the age at drinking onset (men: r = -.19, p = .01; women: r = -.18, p = .01) and positively associated with quantity of drinking in adulthood (men: r = .11, p = .01; women: r = -.14, p = .01) but only positively associated with frequency of drinking in adulthood for men (men: r = .05, p = .01; women: r = .03, p = .06).
Mixed models
Drinking frequency. The three steps of the two-level models predicting drinking frequency in adulthood from age at fi rst drink for both MZ and DZ twins are presented in Table 1 . The within-twin-pair main effect (Level 1) was signifi cant (β = -4.68, p = .01), indicating that for every year earlier that Twin 1 initiated drinking compared with Twin 2, Twin 1 increased his or her drinking frequency by approximately 3 days per year (b = -0.06, p = .01). In other words, the main effect of the unique environmental experience of drinking earlier than one's twin signifi cantly influenced an individual's frequency of drinking in adulthood. The between-twin-pair main effect (Level 2) was also signifi cant (β = -14.89, p = .00), indicating that for every year the average age at drinking initiation of the twin pair (i.e., familial context) was lower compared with other twin pairs, drinking frequency increased by approximately 5 days per year (b = -0.12, p = .01).
Both cross-level and quadratic interactions were also signifi cant. The signifi cant interaction between within-twinpair and between-twin-pair drinking onset indicated that the effect of Twin 1 drinking earlier than Twin 2 on adult alcohol consumption became more negative (β = 3.67 p = .01; Table  1 , Model 3) as the twin pair's average age at drinking onset FIGURE 1. Smoothing spline plot representing drinking frequency (number of drinking days per week) in adulthood as a function of age at onset of drinking for men and women. Line represents predicted data points as indicated by the smoothing spline parameter. Data points (dots and crosses) represent observed data points for men and women. Smoothing splines provide the best-fi tting function by considering its average smoothness in conjunction with its goodnessof-fi t. Goodness-of-fi t is measured by residual sum of squares, whereas average smoothness is measured by the integral of the function's second derivative. The smoothing parameter controls the infl uence of smoothness on the overall best-fi tting function. A smoothing spline was fi t through the data in Figures 1  and 2 to help visualize trend in the age at drinking onset. The smoothing parameter was chosen using the generalized cross-validation approach. The spline was weighted by number of men and women at each age at drinking onset. FIGURE 2. Smoothing spline plot representing drinking quantity (number of drinks per drinking session) in adulthood as a function of age at onset of drinking for men and women. Line represents predicted data points as indicated by the smoothing spline parameter. Data points (dots and crosses) represent observed data points for men and women.
decreased. Therefore, being in a shared genetic and/or environmental context that promotes early drinking behavior will additionally increase the individual effect of drinking earlier relative to one's twin. However, at very high levels of familial risk, the shared genetic/environmental context may be much more predictive of drinking frequency than individual drinking onset, as evidenced by the signifi cant quadratic between-twin-pair effect.
The quadratic effect of Level 2 (between-twin-pair) drinking onset indicated that after controlling for individual drinking onset, the between-twin-pair effect became more negative (β = -6.45, p = .01; Table 1 , Model 3) as the average age at drinking onset increased. Figure 3 displays the cross-level interaction (accounting for quadratic Level 2 interaction) for twins with individual ages at onset of 12-20 years and twin-pair average ages at onset of 12-20 years. As seen in Figure 3 , frequency of drinking, as predicted by individual age at onset, decreases as the average twin-pair onset increases. Thus, the frequency of alcohol consumption for a twin who started at age 16 years is higher if she is from a twin pair with an average age at onset of 14 years, as the between-twin effect makes the relationship between individual age at onset and drinking frequency more negative compared with a twin who started at age 16 years but has an average twin-pair onset of 18 years. However, because of the signifi cant quadratic between-twin-pair effect, differences between twins with individual onsets of 14 and 18 years and average onsets of 14 years is smaller than twins with individual onsets of 14 and 18 years and an average onset of 18 years. Finally, conduct disorder was not a signifi cant predictor as a within-twin-pair or between-twin-pair effect.
Results from models using MZ pairs were similar to models using the full sample, although there was no signifi cant cross-level interaction. However, given that there was no interaction between zygosity and cross-level interaction (b = -0.008, p = .36), failure to fi nd these effects among MZ twins might be attributable to a reduction in statistical power when using the smaller subsample. This indicates that while controlling for 100% of shared environment and genetics, the unique environmental effect of starting to drink earlier than one's twin has a causal effect on drinking frequency later in adulthood. Failure to fi nd a signifi cant effect of conduct disorder at either Level 1 or 2 indicates that this cannot be explained by the earlier-drinking twin also having more symptoms of conduct disorder than the later-drinking co-twin.
Drinking quantity. Table 2 displays the results for drinking quantity from models using the full sample and only MZ twins. The pattern of main effects was similar to that found for drinking frequency: both the Level 1 within-twin-pair main effect (β = -1.11, p = .01) and Level 2 between-twinpair effect (β = -3.00, p = .01) were signifi cant. However, the cross-level interaction was not (β = -0.77, p = .14; Table 2 , Model 2). There was a signifi cant within-twin-pair Level 1 effect of conduct disorder. This means that (while controlling for the between-twin-pair effect of conduct disorder) a greater number of conduct disorder symptoms of a twin relative to the co-twin was associated with larger quantities of alcohol consumed in adulthood. Finally, as seen in Figure 4 , there was an interaction between the within-twin-pair effect and gender, such that individual age at drinking onset had a stronger effect on men's compared with women's adult drinking quantity.
The model using only MZ twins did not replicate the model using the full sample. Only the between-twin main effect of drinking onset and the between-twin-pair effect of conduct disorder were signifi cant ( Table 2 ). The within-twin main effect and the interaction between gender and withintwin-pair effect were not signifi cant. However, because there were no signifi cant interactions with these predictors and zygosity for the quantity outcome, failure to fi nd these effects among MZ twins might be because of a reduction in statistical power when using the smaller subsample.
Finally, grand-mean centered models were estimated to test the third hypothesis that the between-twin-pair (family context) variable would incrementally contribute to the models. For the frequency outcome, the between-twin-pair effect was signifi cant using a grand-mean centered Level 1 predictor, for both the full sample (β = -7.82, p < .05) and the MZ-only sample (β = -5.89, p < .05). Therefore, the between-twin-pair effect (e.g., genetics or shared family environment) incrementally contributed to the model for the frequency outcome, indicating that the betweentwin-pair effect was signifi cantly larger than the withintwin-pair effect. However, for the quantity outcome, the between-twin-pair effect did not contribute incrementally to the models for the full sample (β = -1.33, p = .19) or the MZ-only sample (β = -1.81, p = .10). This indicates that, when controlling for the within-twin-pair effect, there is no additional between-twin-pair effect, and as such, the unique environment and family context effects are of similar magnitude. Kendler et al. (2010) demonstrated that current alcohol involvement measures may not account for underlying genetic predispositions to alcohol use disorder or alcohol involvement during the lifetime period of heaviest drinking. Therefore, we reran all models using the quantity and frequency of drinking during the lifetime heaviest drinking period rather than the past year to examine whether this yielded different results. The results of the models were similar to models predicting current alcohol involvement; the same effects were signifi cant in models with either set of outcomes.
Discussion
The purpose of this study was to examine a causal model of age at drinking initiation on later alcohol involvement in adulthood using a multilevel discordant twin design. In particular, we were interested in examining within-twin-pair effects, between-twin-pair effects, and potential interactions. We found support for the hypothesis that there would be both within-twin-pair and between-twin-pair effects for each outcome. As seen in previous research (e.g., Ellickson et al., 2003; Pitkänen et al., 2005; York et al., 2004) , there was a relationship between age at drinking onset and adult alcohol involvement as measured by frequency and quantity of drinking. As hypothesized, the within-twin-pair effect (i.e., unique environmental effect) of age at onset was negatively related to both drinking frequency and quantity (except in the MZ-only model predicting quantity). There was also a signifi cant between-twin-pair (i.e., familial context) effect of drinking onset on both drinking frequency and quantity. Previous studies have documented that the relationship between age at onset and lifetime alcohol use disorder diagnoses can be attributed mainly to genetic and shared environmental infl uences rather than unique environmental infl uences (e.g., Agrawal et al., 2009; Fowler et al., 2007; Sartor et al., 2009) . By contrast, both unique environmental and familial context effects seem to be predictors of adult alcohol involvement.
As predicted, there was a signif icant cross-level interaction for within-twin-pair and between-twin-pair effects, but only for the frequency outcome, such that a riskier familial drinking context strengthened the relationship between individual context and adult drinking frequency. Finally, the third hypothesis was supported for only the frequency outcome. The between-twin-pair incremental effect was also signifi cant in the model predicting frequency, indicating that the between-twin-pair effect was signifi cantly stronger than the within-twin-pair effect. However, the nonsignifi cant incremental effect for the model predicting quantity indicated that the between-twin-pair and withintwin-pair effects were of equal magnitude.
This study provides evidence for drinking onset age as a possible causal effect regarding quantity and frequency of alcohol use in adulthood, as indicated by a signifi cant within-twin-pair effect on later drinking. In this study we were unable to address potential mechanisms of action for this relationship. However, other research provides insight into ways in which drinking initiation may infl uence later alcohol involvement. These include both biological/genetic changes because of specifi c behaviors (e.g., changes in neurological functioning because of early drinking behavior) and classic environmental changes (e.g., social interactions) incorporating diathesis-stress effects or gene-environment interdependence (Rutter, 2007) . For example, early drinking onset in adolescence affects neurological development, particularly in sensitive periods of adolescent brain development (Windle et al., 2008; Witt, 2010) , leading to increased tolerance and craving behavior. Therefore, earlier drinking may change neurological responses to alcohol, which facilitates higher levels of alcohol involvement. Research also indicates that early-onset drinking can be socially reinforced through peers. For example, Knecht et al. (2011) documented that as adolescents drink more over time, they gain more friends who drink similarly. Simons-Morton and Chen (2006) documented that this relationship works the other way as well: as an adolescent gains more friends who drink, the adolescent will start to drink more alcohol. Therefore, adolescents who drink earlier may gravitate toward other individuals who drink. These individuals consequently reinforce the adolescents' drinking behavior.
Taking these studies together, an adolescent's neurological and social environment may be infl uenced by early age at fi rst drink, and this experience could subsequently infl uence and reinforce drinking behavior. Unlike genetic or shared environmental contexts, these factors would be more related to the individual's unique experience of drinking initiation. Longitudinal studies of adolescent drinking involvement that examine potential mechanisms such as these foster improved understanding of how age at drinking onset could have a causal infl uence on later alcohol use.
It is worth noting that these results indicate that the unique effect of early age at drinking onset is not as important as underlying genetic predisposition or family environmental influence when predicting frequency of drinking in adulthood. The third hypothesis, that the between-twin-pair effect would have an incremental contextual effect, was supported such that the between-twinpair effect was signifi cantly stronger than the within-twin effect. This fi nding indicates that the unique environment plays a smaller role in predicting adult drinking frequency than family context (genes and/or shared environment). This supports previous studies (e.g., Agrawal et al., 2009; Sartor et al., 2009 ) documenting that family context effects are the main predictors for alcohol disorders. This hypothesis was not supported for drinking quantity, however, indicating that unique environment and family context effects were of similar magnitude in predicting adult alcohol quantity.
The second hypothesis, that there would be signifi cant interactions between within-twin-pair and between-twinpair effects, was supported for only the frequency outcome. The cross-level interaction indicates a strong individualcontextual interdependence; high-risk familial drinking contexts can increase drinking frequency for individuals who have later ages at drinking initiation. Therefore, individuals with a family context that predisposes individuals to drink (e.g., genetic liability or socialization of drinking), as evidenced by an early-onset co-twin, will drink more frequently and in higher quantities than individuals who initiated drinking at the same age who do not have the same level of familial risk. However, the quadratic between-twin effect indicates that high familial risk can be a much more powerful predictor than individual drinking age. Therefore, for individuals who have high familial risk, an earlier drinking age may result in only a small increase in adult drinking frequency. These results document the importance of examining both contextual and individual-level effects in discordant twin studies and reinforce the importance of a gene-environment interdependence framework.
Limitations and implications
This study has limitations. Reports of age at alcohol use initiation and conduct disorder symptoms were retrospective, and the sample was Australian young adults studied in the late 1990s. These results may not generalize to other countries, age groups, or historical periods. Another limitation is the implicit assumption of equivalence of "exposures" (similarity in ages at drinking onset) within and between twin pairs. Limited contextual information about drinking initiation does not allow us to test this assumption. Finally, current fi ndings provided evidence for a potential causal infl uence of age at fi rst drink on later alcohol involvement; however, it is possible that other unmeasured unique environmental effects on drinking initiation and alcohol consumption could explain this relationship. This study also has implications for future research. Although we document that age at initiation can possibly be a causal mechanism for later adult alcohol involvement, there are many specifi c processes by which this may happen (e.g., neurological development, socialization). Using prospective studies to examine multiple contexts of how alcohol use and its infl uences change over time may be well suited for such research. These studies could examine individuals from the time at which they initiate drinking and assess relationships between the individual's own alcohol use and the contextual variables that infl uence drinking. Furthermore, these results highlight the importance of modeling both within-twin and between-twin effects in discordant twin designs, as it allows for modeling potential cross-level interactions. This framework might also provide insights into a range of adolescent risk behaviors.
